INTRODUCTION
============

Acne inversa (AI, hidradenitis suppurativa) is a chronic, recurrent suppurative inflammatory skin disease that primarily affects the axillae, perineum and inframammary regions[@B1]. Although it has historically been described as a disorder of apocrine origin, there is now evidence for a follicular-based pathogenesis with a secondary inflammation of apocrine glands[@B2],[@B3]. Based on the chronic relapsing nature of the disease, alteration of host defense factors has recently been considered to be its etiopathogenesis. Schlapbach et al.[@B4] were the first to show that the mRNA expression of the antimicrobial peptides (AMPs) human β-defensin (hBD)-1 and psoriasin are significantly increased in AI lesions compared to non-lesional skin. Additionally, several other epithelial chronic inflammatory conditions of the skin, intestines and airways have shown an altered expression of AMPs[@B5]-[@B8].

Based on these initial findings, we investigated a variety of AMPs including hBD1, hBD2, hBD3, Ribonuclease 7 (RNase 7) and LL-37, and inflammatory cytokines including interleukin (IL)-1β, IL-6, IL-8, IL-10, tumor necrosis factor-alpha (TNF-α) and matrix metalloproteinase-1 (MMP1) in AI lesions, non-lesional skin and chronic inflammatory skin to further elucidate a possible role of AMPs in AI.

MATERIALS AND METHODS
=====================

Patients
--------

In this prospective study, we recruited 17 patients (10 females, 7 males, 22\~50 years of age) diagnosed with AI. The diagnosis was based on clinical criteria. Patients had a longstanding history (at least 18 months) of chronic AI. Tissue samples were obtained from all patients from the affected skin area and from non-affected skin that was at least 10 cm from the clinically visible AI lesions. In addition to the intraindividual control, skin samples of five patients (4 females, 1 male, 49\~70 years of age) with chronic leg ulcers served as a control. The study was conducted in light of the declaration of Helsinki. All subjects who participated in the investigation signed an informed consent.

Real-time reverse transcription-polymerase chain reaction (RT-PCR)
------------------------------------------------------------------

The mRNA levels of hBD1, hBD2, hBD3, RNase7, LL-37, TNF-α, IL-1β, IL-6, IL-8, IL-10 and MMP1 were analyzed. Quantitative analysis of the real-time RT-PCR was performed as previously suggested[@B9]. The total cellular RNA was isolated from the skin tissue samples using RNeasy® Lipid Tissue Kit (Qiagen, Valencia, CA, USA) following the manufacturer\'s protocol. Prior to cDNA synthesis, RNA was digested with RNase-free DNase I (Roche Diagnostics, Indianapolis, IN, USA). The cDNA was synthesized by reverse transcription from DNase I-treated RNA using MultiScribe™ reverse transcriptase enzyme and random hexamer primers (TagMan®, Reverse transcription reagents; Applied Biosystems, Foster City, CA, USA). Real-time PCR was performed using a *Power* SYBR® Green PCR Master Mix and GeneAmp® Sequence Detection System (Applied Biosystems). The PCR primers for AMPs, cytokines and the housekeeping gene (RPL-38) were designed using the computer program Primer Express (Applied Biosystems) and produced by the custom oligonucleotide synthesis service TIB Molbiol (Berlin, Germany) ([Table 1](#T1){ref-type="table"}). PCR amplifications were performed in a total volume of 25µl, which contained 5µl of cDNA sample, 5µM of each primer and 12.5µl of Power SYBR® Green PCR Master Mix. The PCR was started for 2 minutes at 50℃ and an initial 10 minutes at the denaturing temperature of 95℃, followed by a total of 40 cycles of 15 seconds of denaturing and 1 minute of annealing and elongation at 60℃. The reaction products were separated by 2% agarose gel electrophoresis. Relative mRNA expression levels were calculated using the comparative Δ-ΔC~t~ method as previously suggested by Livak and Schmittgen[@B10]. Quantities of all targets in the test samples were normalized to the corresponding RPL-38 RNA transcript in the skin samples. The quantities of mRNA levels were determined using the median log transform of the gene expression.

Statistical analyses
--------------------

Data analysis was performed using the statistical package MedCalc software (MedCalc, Mariakerke, Belgium). Non-parametric analyses of the real-time RT-PCR results were used because a non-normal distribution was observed in subsets of data (D\'Agostino-Pearson test). The Wilcoxon rank-sum test was applied to test for overall significant differences of data between groups (AI vs. non-lesional skin, paired data). A Mann-Whitney test was used to test for significant differences of data between AI vs. chronic venous ulcer lesions (unpaired data). Correlation studies were performed using Spearman\'s coefficient of rank correlation (mRNA data). Corrected values of *p* \<0.05 were considered significant.

RESULTS
=======

In total, we studied 17 patients (10 females, seven males; 22\~50 years of age, mean age 35.1±8.8 years) diagnosed with AI and 5 patients (4 females, 1 male; 49\~74 years of age, mean age 65.2±9.6 years) diagnosed with chronic venous ulcers. Non-lesional skin of AI patients served as the control. The mRNA expression of hBD-2, LL-37, IL-1β, IL-6, IL-8, IL-10 and MMP1 was significantly higher in AI compared to non-lesional skin (*p*\<0.05) ([Fig. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}, [Table 2](#T2){ref-type="table"}). The mRNA expression levels of hBD1, hBD3, RNase7 and TNF-α showed no significant differences (*p*\>0.05). The expression of hBD-2, LL-37, hBD-2 and RNase7 showed a significant degree of correlation (Spearman\'s rank correlation coefficient ρ=0.53, *p*=0.03 and ρ=0.68, *p*=0.006). The mRNA expression of RNase7 was significantly higher in AI when compared to CVU patients. For IL-1β, IL-6, IL-8, TNF-α and MMP1 mRNA, the expression was found to be significantly higher in CVU compared to AI.

DISCUSSION
==========

Antimicrobial peptides hBD1, hBD2, hBD3, LL37, RNase7 in AI
-----------------------------------------------------------

Various studies have shown an altered expression of antimicrobial peptides AMPs in chronic inflammatory conditions of different epithelial tissues. Psoriasis vulgaris, lichen sclerosus, atopic dermatitis and AI are among those skin conditions that have been investigated[@B4],[@B11]-[@B14].

In conjunction with the findings of Schlapbach et al.[@B10], we were able to show a significant increase in mRNA expression of hBD2 in patients with AI. Interestingly, the present data revealed that LL37, another potent AMP with a critical role in mammalian innate immune defense against bacterial and fungal infections, was likewise significantly over-expressed. LL37 is a broad spectrum AMP that inhibits the growth of a variety of gram-negative bacteria, gram-positive bacteria and Candida species. Produced predominantly by neutrophils and epithelial cells, it is particularly known to be expressed in skin keratinocytes *in vivo* under inflammatory conditions[@B15]. Because we were able to show a significant correlation of hBD2 and LL37 mRNA expression (ρ=0.53, *p*=0.03), a combined up-regulation of both AMPs has to be considered.

In contrast to the increase of hBD2 mRNA expression, which is preferentially a gram-negative bactericidal AMP, the broad-spectrum AMP, hBD3, showed no significant difference in AI patients. The regulation of hBD3 expression differed from hBD2 expression regulation. While hBD2 expression is highly dependent on IL-1 and direct bacterial induction, interferon-γ, insulin-like growth factor-I and transforming growth factor-α are strong hBD3-inducing cytokines[@B16]. In addition to pro-inflammatory cytokines, such as IL-1 and IL-6, interferon-γ, insulin-like growth factor-I and transforming growth factor-α induce the transactivation of the epithelial growth factor receptor, which leads to an increased expression of hBD3. However, an up-regulation of hBD3 expression was absent in our group of AI patients. The same was true for hBD1 mRNA expression, which was not up-regulated in the AI patients. Because hBD1 mRNA expression has previously been shown not to be up-regulated under inflammatory conditions in mucosa or skin, this finding was expected for AI lesions, as previously shown[@B17],[@B18].

Immunohistochemistry indicated a predominant epidermal expression of hBD2 and hBD3. Similarly to Schlapbach et al.[@B4], we were able to observe a significant increase of hBD2 expression on the mRNA level, while the protein expression was significantly lower when compared to non-lesional skin by immunohistochemistry[@B4].

Inflammatory and anti-inflammatory cytokines IL-1β, IL-6, IL-8, IL-10, MMP1 and TNF-α
-------------------------------------------------------------------------------------

The inflammatory and anti-inflammatory cytokines of the IL family are important regulators of the inflammatory response.

IL-1β is a potent proinflammatory cytokine expressed in activated macrophages and has been implicated in acute and chronic inflammatory conditions[@B19]. Its synthesis is induced by bacterial lipopolysaccharide and by LL37, linking the innate immune system to the adaptive immune system. LL37 activates the purinergic receptor P2X7, a nucleotide-gated channel that is a potent inducer of IL-1β synthesis[@B20]. Inflammatory pain hypersensitivity by induction of cyclooxygenase 2 and regulation of epidermal Langerhans cell migration are shown to be effects of IL-1β[@B21],[@B22].

IL-6 acts as both an inflammatory and anti-inflammatory cytokine and is expressed in T cells and macrophages as an acute phase response protein. It is involved in the differentiation of B-cells, lymphocytes and monocytes. Its anti-inflammatory effect is caused by inhibition of TNF-α and IL-1. This is consistent with our results, which showed that TNF-α was not expressed significantly higher (*p*\>0.05) in the skin of AI patients.

IL-8 produced in macrophages and epithelial cells is a chemotactic factor that attracts basophils, neutrophils and T cells. It induces chemotaxis of neutrophils in response to inflammation and has an important role in the innate immune system response. Clinically, it is shown to be increased in localized inflammation, such as psoriasis and gingivitis. The same was observed in the skin of AI patients.

IL-10 is an anti-inflammatory cytokine produced by monocytes, lymphocytes and mast cells. It counteracts the inflammatory response via the inhibition of pro-inflammatory cytokines, such as interferon-γ, IL-2, IL-3, TNF-α or GM-CSF.

MMP1 is an enzyme also known as collagenase 1, and it degrades fibrillar collagens[@B23]. It is involved in physiological (embryonic development and tissue remodeling) and pathological processes (arthritis and metastasis). Because AI is an inflammatory process that potentially involves extensive tissue destruction of the skin, MMP1 up-regulation in inflammatory tissue was expected.

Other than TNF-α, all of the inflammatory and anti-inflammatory cytokines that were investigated (IL-1β, IL-6, IL-8, IL-10 and MMP1) were expressed significantly higher in AI, compared to non-lesional skin (*p*\<0.05).

AMP, cytokine milieu and tissue proteases in AI lesions differ significantly from non-lesional skin and chronic venous leg ulcers. The positive correlation of up-regulation of AMPs in AI indicates an important role of the innate immune system in the pathogenesis of this disorder.
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###### 

Primers of antimicrobial peptides and proteins, cytokines and the housekeeping gene used in the real-time reverse transcription-polymerase chain reaction study
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hBD: human β-defensin, RNase7: ribonuclease 7, IL: interleukin, MMP1: matrix metalloproteinase-1, TNF-α: tumor necrosis factor-alpha.

###### 

Antimicrobial peptides and proteins (AMPs) and cytokine mRNA expression in acne inversa lesional skin (AIL) acne inversa non-lesional skin (AINL) and chronic leg ulcers (CLU)
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Quantities of analyzed genes were determined using the median log-transformation of the gene expression. Relative mRNA expression levels were calculated using the comparative Δ-ΔC~t~ method. Gene expression was normalized to the homogenously expressed housekeeping gene glyceraldehyde-3-phosphate dehydrogenase. hBD: human β-defensin, RNase7: Ribonuclease 7, IL: interleukin, MMP1: matrix metalloproteinase-1, TNF-α: tumor necrosis factor-alpha.
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